INTRODUCTION
Low-frequency ambient noise measurements in the oceans are of interest because it is this background level against which various acoustic, sonar, and seismic systems must operate. While noise measurements have been made in a variety of areas, such measurements in the southern ocean areas are very sparse. Most data available have been taken in the South Pacific adjacent to Australia and New Zealand (e.g., Refs. 1 and 2); few measurements have been reported for the South Atlantic. In this report, we present omnidirectional measurements of ambient noise at 14 different locations in the southwestern Atlantic Ocean. These measurements were made during the austral summer season using sonobuoys deployed from a ship-of-opportunity that was transiting the region. The primary purpose was to determine the mean levels and variance and the first order geographical variability of the noise levels across the area. A secondary purpose was to test the standard and modified hydrophone suspensions of the sonobuoys to determine their applicability to such low frequency measurements.
These omnidirectional measurements of ambient noise were of short duration (typically one-half to one hour) and covered frequencies below 1 kHz. They were collected during January 1981 at the 14 moderate to deep water sites shown in Fig. 1 (also see Table l) in the South Atlantic during USNS HAYES Cruise No. 86-16-B. The stations were located in four major physiographic provinces, the western side of the Brazil Basin, the Bahia seamount province, the Rio Grande Rise, and the northwestern side of the Argentine Basin or Abyssal Plain. Two stations, 13 and 14, were on the extreme edge of the basin areas on the continental rise. In addition to these acoustic noise measurements, sound speed and surface wind velocity data were obtained at each station. The sound speed profiles (Fig. 2) were calculated using Mackenzie's equation (Ref. 4) from XBT data collected at each acoustic station, plus historical salinity profiles, and then extended to bottom depth by using historical salinity and temperature data. Wind speed from the ship's anemometer is shown in Table I . The relationship between the ambient noise and these environmental parameters is discussed later.
MEASUREMENTS
At each location shown in Fig. 1 , ambient noise measurements were made at two hydrophone depths, 300 ft and 1000 ft. At each station, four sonobuoys were launched for these noise measurements (Table II) : one standard and one VLF-modified SSQ-57A (300 ft hydrophone depth) and one standard and one VLF-modified SSQ-57A (XN-5) (1000 ft hydrophone depth). For a typical station, the hydrophones were at depths lying below a shallow surface duct and well above the deep sound channel axis (Fig. 2) . The suspension of the VLF-modified sonobuoys were designed to minimize the self-noise of the measuring system at low frequencies by isolating the hydrophone from the motion of the surface cannister caused by currents, winds, and surface waves. The modified buoys were similar to the very low frequency sonobuoy shown in Fig. 3 
(Ref. 5).
To minimize contamination of the data by the signals radiated from the ship, the following procedure was used. After launching the sonobuoys, the ship continued about 6 nm along course before laying-to, shutting down the main engine generators, and stopping the use of noise-generating equipment such as winches and bilge pumps. Measurements were then conducted with the ship quieted.
, . ,
The signals received from the sonobuoy hydrophones were recorded for approximately one-half to one hour at each station. At each site, signals from at least two sonobuoys were recorded at two different gains, a high and a low gain state. These tapes were preserved and later processed in the laboratory to produce the spectral estimates and statistics of the ambient noise. The signals were band-pass filtered, 10-1000 Hz, and then digitized in 0.5 second time sections at a sampling rate of 2048 Hz. A 1024-point discrete
Fourier transform using a Hann window was taken to obtain a spectra with approximately 3 Hz resolution over the 10-1000 Hz band. Fifty such 0.5 second sections were processed and averaged to produce a decibel-smoothed spectral estimate. Sixteen such spectra were averaged over approximately a 25-minute interval to produce the final averaged noise level spectrum and the standard deviation of the noise (See Appendix I for greater detail).
■ RESULTS
The 3 Hz resolution ambient noise spectral levels and standard deviations for standard SSQ-57A (300 ft) and sliandard SSQ-57A (XN-5) (1000 ft) measurement systems at each of the 14 South Atlantic stations are shown in for the standard SSQ-57A (300 ft) are much lower than the SSQ-57A (XN-5) (1000 ft). This is a result of the higher self-noise in the SSQ-57A (XN-5) (1000 ft) sonobuoy.
The self-noise of the SSQ-57A(XN-5) sonobuoy is significantly reduced by the VLF modifications to the hydrophone system, as shown in Fig. 5 . Here the VLF-modified SSQ-57A (XN-5) (1000 ft) ambient noise levels at low frequency are similar to the SSQ-57A (300 ft), which has an excellent hydrophone suspension system. In fact, comparison of the standard and VLF-modified SSQ-57A (300 ft) indicates that the modifications do not further reduce the low-frequency self-noise of the system. -.
The sound velocity profiles shown in Fig. 2 reveal that the 300 ft hydrophones are well below the sonic layer depth. As both hydrophone depths lie within the deep-sound channel, we would therefore expect low-frequency ambient noise levels at 300 ft and 1000 ft to be similar. Thus, we will use primarily the results of the standard SSQ-57A (300 ft) for the low-frequency ambient noise levels, and we will use both the standard SSQ-57A (300 ft) and the standard SSQ-57A (XN-5) (1000 ft) for the high frequencies. Since the type of VLF modifications varied with the stations and had varying degrees of success, we have chosen not to use the VLF sonobuoy results for the regional analysis because of the non-uniform response from station to station.
Low-Frequency
The low-frequency part of the ambient noise spectrum from about 10 to 150
Hz is generally a function of the effects of distant shipping and the environmental conditions for acoustic propagation. 
High Frequency
The ambient noise spectrum above about 200 Hz is generally wind dependent (Ref. 6). During the acoustic measurements, the wind speed (Table l) varied from near calm to 20 knots. The log wind speed dependence of spectrum levels of ambient noise at seven frequencies for the standard SSQ-57A (300 ft) is shown in Fig. 13 . The ambient noise levels at the higher frequencies exhibit strong wind dependence. The correlation coefficient between ambient noise level and log wind speed (Table III) While more data are required to test the hypothesized "slope enhancement" effect and to establish the ambient noise patterns for such a region, the reported measurements provide an estimate of the first order mean levels and variability of ambient noise in deep water for this region during the austral summer.
Of the sonobuoys used, the unmodified SSQ-57A's consistently gave lower measures of ambient noise in the 10-150 Hz band than the other sonobuoys, and are considered to have suffered lower self-noise due to sensor motion or current flow around the hydrophones. The SSQ-57A (XN-5's) usually have to undergo hydrophone suspension modifications to achieve the same low levels as the unmodified SSQ-57A's in the low-frequency band. (Fig. 14C) . The receiver calibration factor, RCAL(f), was determined to be 0 by a post-experiment receiver calibration using the AN/ARM-53B sonobuoy calibration system (Fig.   14c ). While the individual sonobuoys were uncalibrated, values for the sonobuoy gain, SFG-.^and SFG(f), were obtained from the manufacturer's sonobuoy calibration specification table. The use of these nominal values results in an estimated uncertainty of 2 dB in the CSL(f).
